A number of studies have investigated phylogeographic patterns and processes in the West Mediterranean region. They have focused primarily on relationships established during the Tertiary in genera such as Erophaca (CasimiroSoriguer et al., 2010) , or Quercus and Pinus (Magri et al., 2007) . Several studies have also examined environmental impacts and population changes during and after the Pleistocene, such as in Abies (Terrab et al., 2007) , Hypochaeris (Ortiz et al., 2009 ), or Juniperus (Terrab et al., 2008) .
Another genus worth investigating, due to its interesting Euro-African distribution and rich fossil record, is Chamaerops L. (Palmae). This genus contains only a single species, Chamaerops humilis L., native to the West Mediterranean ( Figure S1 , online). It is 1 of 2 palms native to Europe and it is also the palm that occurs at the most northern latitudes (del Cañizo, 2011) . This palm species was also reported during classical times (Gaius Plinius Secundus, better known as Pliny the Elder, 1st century AD), suggesting possible ancient traditional human use.
Chamaerops belongs to tribe Trachycarpeae of subfamily Coryphoideae (Dransfield et al., 2008) , and molecular phylogenetic studies reveal that the closest generic relatives are Guihaia J.Dransf., S.K. Lee & F.N (Baker et al., 2009) . It is small, multistemmed, and rhizomatous, with palmate leaves (do Amaral Franco, 1980; Herrera, 1989; del Cañizo, 2011) and of variable life form, leaf colour, and presence of thorns (Maire, 1980) . The reproductive system of this dioecious species is interesting; it has leaf-mediated pollination, whereby the leaves release scents attractive to coleopterans (Herrera, 1989; Düfay and Anstett, 2004) , and it has mammal-mediated dispersal of its fleshy fruits, mainly by foxes or badgers (Fedriani and Delibes, 2011) .
The present distribution of C. humilis is restricted to the West Mediterranean (Médail and Quézel, 1996) , both on the European (where it is the only native palm species) and African sides ( Figure 1 ). In Europe, it occurs on the coasts of S Portugal, S and E Spain, SE France (rediscovered by Médail and Quézel, 1996) , and W Italy. In Africa, it occurs mainly in Morocco but also in N Algeria and N Tunisia. In Libya it apparently has become extinct (Jafri and El-Gadi, 1977) . The species has its widest distribution in Morocco, where 2 varieties have been distinguished: a form with green leaves in the north (var. humilis) and a form with glaucous leaves in the south (var. argentea André), which is often found at very high altitudes of up to 2000 m (Maire, 1980; Govaerts and Dransfield, 2005) .
The species also occurs on most of the large islands of the West Mediterranean, i.e. the Balearics, Sardinia, Sicily, and Malta (where it apparently has become extinct). In Corsica it does not seem to be autochthonous (do Amaral Franco, 1980) .
The oldest fossil records of Chamaerops are from the Eocene in Europe (Palamarev, 1989) and it may be considered as one of the most ancient fleshy-fruited species in the Mediterranean basin (Palamarev, 1989; Herrera, 1995) . It appears, therefore, to have reduced its distribution from paratropical Eocene forests. Nowadays, with other species such as Laurus nobilis, it constitutes the Mediterranean 'Laurocerasus-belt' , which is surrounded by species derived from more recent geological periods (Mai, 1989) .
The purposes of this paper, therefore, are: (1) to describe the phylogeographic structure of the species throughout its distributional range in the West Mediterranean region; (2) to infer a biogeographic scenario to explain its present distribution; and (3) to assess the most recent changes in the distribution of this species from the last interglacial period by use of niche modelling analyses.
Materials and methods
2.1. Amplified fragment length polymorphism 2.1.1. Sampling The 22 sampled populations are shown in Figure 1 and listed in Table 1 ; they cover most of the distributional area of the Doyle and Doyle (1987) following the CTAB protocol: after precipitation with isopropanol and centrifugation, the DNA pellet was washed with 70% ethanol and subsequently dried in a vacuum centrifuge. Finally, DNA was resuspended in TE buffer and treated with RNAse at 37 °C for 30 min. The AFLP procedure followed established protocols (Vos et al., 1995; Blears et al., 1998) . Genomic DNA (~0.5 µg) was digested with 2 restriction endonucleases, EcoRI and MseI, and the resulting fragments were ligated to double-stranded EcoRI and MseI adaptors at 37 °C for 2 h; the ligated DNA fragments were diluted with TE 0.1 buffer. Preselective and selective amplifications were performed in a thermal cycler (Gene Amp PCR System 9700, PE Applied Biosystems), and the polymerase chain reaction (PCR) protocols also followed Vos et al. (1995) . The number of fragments was reduced ~16-fold (4 × 4) through the use of preselective primers based on the sequences of EcoRI and MseI adaptors with the addition of nucleotides (EcoRI-A and MseI-C), matching the nucleotide downstream from the restriction sites. Preselective PCR products were diluted with TE 0.1 buffer and then amplified with primers having 2 additional selective bases (3 in total), of which the first base was the same as that added in the previous amplification; this resulted in a further ~256-fold (16 × 16) reduction of the number of fragments, for ~4096-fold in total (16 × 256). Moreover, the EcoRI-based primers were labelled with fluorescent dyes. For the selective PCR, the following 3 primer combinations were used (selected, based on amplification effectiveness and variability, from a trial of 32): EcoRI (FAM)-ACT/MseI-CAG, EcoRI (VIC)-AGG/MseI-CAC, and EcoRI (NED)-ACC/MseI-CAC. The fluorescence labelled selective amplification products were separated on an automated sequencer (3130xl Genetic Analyzer, Applied Biosystems|Hitachi). Raw data were aligned with internal 500 ROX size standard using ABI PRISM GeneScan 3.7 (Applied Biosystems, 1989 -2000 . The resulting GeneScan files were imported into Genographer ver. 1.6.0 (Benham et al., 1999) and the fragments scored using the 'thumbnail' option, which allowed comparison of each fragment signal over all samples; the result of the scoring process was exported as a presence/absence (1/0) matrix.
Genotyping and scoring errors are known to be very common in AFLP procedures and estimation of repeatability is recommended (Bonin et al., 2007) . Repeatability was tested in 32 individuals (14.5%, 1-4 individuals per population) and was calculated as the ratio of the total number of mismatches (band presence vs. band absence) in the replicated individuals divided by the number of fragments found; this gave us an average value of 0.1 for the whole data set. Assuming that genotyping and scoring errors were randomly distributed and no bias at the population level would occur, we could follow the recommendation of 0.1-limit error (Bonin et al., 2007) . Other authors such as Skrede et al. (2006) have also followed this criterion as being more than adequate to assess population-level variation.
Genetic diversity and population structure
Within-population genetic diversity was assessed as the total number of AFLP fragments (Frag tot ), the number and percentage of polymorphic fragments [Frag poly (%)], and the number of different AFLP phenotypes (n ph ), all of them corrected with the 0.1 scoring error obtained (i.e. considering as monomorphic those fragments that were present in at least 90% of the individuals and ignoring those fragments present only at a maximum of 10% at a population level). We also calculated the average gene diversity index per population (
, where x i is the population frequency of 'alleles' 1 and 0 at locus i; the average gene diversity is the resulting mean across all loci). The 'frequency-down-weighted marker values' index (DW) was calculated as the ratio of means.
These estimates were obtained using FAMD ver. 1.108β (Schlüter and Harris, 2006) , Arlequin ver. 3.0.1 (Excoffier et al., 2005) , and AFLPdat (Ehrich, 2006) . FAMD ver. 1.108β was also used to gather individuals into population groups. Finally, the number of fragments exclusively shared between pairs of populations was assessed and also corrected with the scoring error obtained (i.e. at least present in more than 10% of the individuals of each population).
Pairwise F ST values based on Euclidean distances for the between-groups comparison were obtained using FAMD ver. 1.108β. The matrix was exported to SplitsTree ver. 4.5 (Huson and Bryant, 2006) where a Neighbour-Net was constructed to establish the different relationships between sampled populations. The support for each node was calculated separately with FAMD ver. 1.108β, using 1000 bootstrap replicates based on chord distances for a neighbour-joining tree, by applying the Bayesian method to calculate null allele frequencies and with the amongpopulation nonuniform prior assumption.
Bayesian analyses using Structure ver. 2.2 (Pritchard et al., 2000; Falush et al., 2003) were applied, setting a burn-in period of 1 × 10 5 , and run separately with lengths of 5 × 10 5 MCMC (5 iterations) and 1 × 10 5 MCMC (10 iterations) for K = 1-8. As very long distances are usually not traversed by pollen (Carrión, 2002) , the simpler no-admixture model was applied, starting at prior population information, under the assumption of allele frequencies in each population being correlated. Average groups were calculated with CLUMPP ver. 1.1 (Jakobsson and Rosenberg, 2007) and graphically displayed using Distruct ver. 1.1 (Rosenberg, 2004) . A population was assigned to a specific group if it demonstrated at least 70% association. At this population level, the optimal K was selected according to the Akaike information criterion (AIC: Akaike, 1974; AICc and AICu: McQuarrie and Tsai, 1998) and the Bayesian or Schwarz information criterion (BIC: Schwarz, 1978) . Additionally, principal coordinate analyses (PCoAs) based on Euclidean distances were applied to assess relationships among the individuals and populations (pairwise Φ ST values), using FAMD ver. 1.108β.
To test for isolation-by-distance, pairwise F ST values for populations were compared with their geographical distance using Mantel bilateral tests based on Spearman correlations (1000 permutations; XLSTAT ver. 2007.6, Addinsoft).
Finally, genetic differentiation among populations and different groupings were assessed by applying analyses of molecular variance (AMOVAs), based on Euclidean distances, using the F CT values obtained with Arlequin ver. 3.0.1. For groups of populations, the number of private shared fragments was calculated and a bio-neighbourjoining tree was constructed with SplitsTree ver. 4.5 based on ρ ST(2) values, which were used to compensate for unequal sample sizes (El Mousadik and Petit, 1996) ; the bootstrap support for each node was calculated in the same way as explained above.
Dating analysis
The use of a molecular clock based on plastid (atpB, matK, rbcL, rps16 intron, trnL-trnF) or nuclear (18S, ITS, ms -malate synthase gene) sequences was rejected, because identities between these sequences, previously analysed by Baker et al. (2009) , were higher than 92% (normally 99%-100%) between C. humilis and T. fortunei. An attempt was made, therefore, to use a molecular clock based on AFLP data (Kropf et al., 2009) . As has been pointed out by some authors (e.g., Ehrich et al., 2009 ), this clock is not free from analytical problems. D N72 genetic dissimilarity coefficient values were calculated with POPGENE ver. 1.32 (Yeh and Boyle, 1997 (Pons, 1981; Palamarev, 1989; Velitzelos and Gregor, 1990; Givulescu and Barbu, 1999; Palamarev et al., 2005; KovarEder et al., 2006; Dransfield et al., 2008; Carrión, 2012 ; and references cited therein). To our knowledge, there are no fossil records from N Africa.
Niche modelling
Niche modelling analyses were conducted for 3 temporal climatic frames: the last interglacial period (~120,000-140,000 years BP; Otto-Bliesner et al., 2006) , the last glacial maximum (~21,000 years BP; Braconnot et al., 2007) , and the present (~1950-2000; Hijmans et al., 2005) . Data for the last glacial maximum were obtained from 2 atmospheric models, from the Community Climate System Model (CCSM) and from the Model for Interdisciplinary Research on Climate (MIROC). Bioclimatic data were obtained from the WorldClim Global Climate Data web page (http:// www.wordclim.org) and all 19 WorldClim variables were used. Soil data (FAO/IIASA/ISRIC/ISSCAS/JRC, 2012) were obtained from the Harmonized World Soil Database (http://webarchive.iiasa.ac.at/Research/LUC/ExternalWorld-soil-database/HWSD_Data/HWSD_RASTER.zip), with selection of the most precise mapping unit. Data sets were rescaled to 2.5 arc-minutes with Quantum GIS ver. 1.8.0-Lisboa in order to make comparable the different scenarios. Present location data were obtained from vouchers deposited in SEV, which included our extensive sampling; additionally, we added locations from Algeria (Royal Botanic Gardens Herbarium, Kew: K000208642, and K000208639, K000208640, K000208641, K000208643, and K000208644) obtained from the Global Biodiversity Information Facility (GBIF) data set (accessed 19 June 2013). Finally, predictive analyses, based on the whole set of variables, were performed using the maximum entropy method with the software MaxEnt (Phillips et al., 2006) and results were shown for 2 thresholds: maximum training sensitivity plus specificity logistic threshold and 10-percentile training presence logistic threshold.
Results

AFLP profile
A total of 226 fragments were obtained ranging from 60 to 447 bp (208 in Chamaerops), 4 of them being monomorphic; 7 fragments were present in 90% of the Chamaerops individuals (for further details, see Table  1 ). For different primers the results were as follows: (1 
Population structure
The Bayesian analysis conducted with Structure, in conjunction with the Akaike and Schwarz criteria used to select the optimum number of clusters, pointed to the existence of 4 main groups (see Table 2 and Figure 1 ). These were defined from K 2 to 4 in the following order: (1) E Spain (Cabo de Gata, Peñón de Ifach, and Garraf; pops. 5, 6, and 7), the Balearics (pop. 10), Sardinia (pop. 11), and Figures 1 and 2) .
In Figure 3A we present PCoA results for principal component ( Table 1 for codes. from Tarifa and Tazzeka are dispersed in the centre of the graph. These patterns are clearer when the average values are shown ( Figure 3B ). If the PCoA is based on the population, not the individual, distance matrix, the percentage of variance explained is much higher (PCo 1 = 38.6% and PCo 2 = 26.9%), but the relative position of the populations remains almost the same as in Figure 3B (results not shown). Table 1 for codes.
The Mantel test applied between the geographic and the genetic distances was positively significant (Spearman's ρ = 0.629, P = 0.001). Moreover, the number of exclusive shared fragments between pairs of populations, which reveal very closely related populations, was null or very low, with only 5 matches of 1 fragment between: pop. 13 and pop. 15, 13 and 22, 18 and 21, 10 and 16, and 19 and 20.
The different AMOVAs, considering no grouping, i.e. globally, and different groupings (excluding the 3 NAPs), showed that the significantly best grouping was the same as that defined by Bayesian inference, i.e. E SpainSardinia-NE Morocco, France-Italy, S Spain-N Morocco, and S Morocco (Table 3) .
Of the ρ ST (2) values calculated for the groups of population assortment, S Spain-N Morocco and S Morocco had the closest relationship (ρ ST(2) = 0.083), the latter showing the largest separation from France-Italy (ρ ST(2) = 0.128) and E Spain-Sardinia-NE Morocco (ρ ST(2) = 0.125). In the bio-neighbour-joining tree (Figure 4 ), E SpainSardinia-NE Morocco appeared as the basally branching group in the Chamaerops core, followed by France-Italy and, finally, by S Morocco and S Spain-N Morocco. (Figure 4) , i.e. in the Miocene.
Dating analysis
Niche modelling
Results from niche modelling revealed a relatively narrow distribution of C. humilis during the last interglacial ( Figure 5A ), having been even narrower in the northern shore of the Mediterranean in the last glacial maximum ( Figures 5B and 5C ), although the degree of this narrowing was highly dependent on the atmospheric model chosen. The 4 groups of populations currently recognised also showed congruent distributional areas during this period.
For the S Spain-N Morocco and the S Morocco groups, range alteration was not important (increasing even the potential range of this species in N Africa), but for the continental areas of the France-Italy and E SpainSardinia-NE Morocco groups, reduction might have been significant. For the islands sampled, there were extensions of suitable areas during the 3 time frames, and, remarkably, Corsica showed a very low likelihood of occurrence. There was probability of occurrence in Crete, as well as in some areas of Greece, Turkey, or the Levant, with the last ranges of suitable areas suffering minor alteration during the last glacial maximum (Figures 5A-5D ).
Discussion
To infer the biogeographic processes that might explain the present distribution and patterns of genetic diversity among populations of Chamaerops humilis, several factors need to be taken into account. The phylogenetic context is important, because relationships to related genera might offer insights on location of origin. Likewise, fossil evidence is significant, because of the unusual morphology of this palm and relative abundance of dated fossil material. The historical climatic and geological changes in the West Mediterranean region, one of the most dynamic areas of the world, must also be taken into account. Finally, levels of genetic diversity within and among groups of populations as revealed in the phylogeographic analysis might suggest regions of ancestral refugia and/or recent migrations. These different sources of data, therefore, have been considered in the development of the biogeographic scenarios presented herein.
Outgroup relationships and fossil evidence
To infer the ancient distribution of Chamaerops humilis, it is helpful to understand the phylogenetic relationships between it and close generic relatives. Chamaerops belongs A C B D Figure 5 . Suitable areas for Chamaerops humilis estimated in 3 periods: last interglacial (LIG, ~120,000-140,000 years BP; A); last glacial maximum (LGM, ~21,000 years BP), B for CCSM and C for MIROC atmospheric models; and present period (D, ~1950-2000) . Results shown were obtained from niche modelling analyses considering both bioclim and soil data, for 2 thresholds: maximum training sensitivity plus specificity logistic threshold (in dark grey) and 10-percentile training presence logistic threshold (in black). LIG and
LGM are represented with current coastlines.
to subfamily Coryphoideae of Palmae (Arecaceae). According to the classification by Asmussen et al. (2006) , based on several plastid DNA regions, this subfamily with approximately 45 genera has been divided into 3 major clades (also supported by Baker et al., 2009 Govaerts and Dransfield, 2005) . Phylogenetic evidence, therefore, points more strongly to the possibility that Chamaerops originated in the Old World rather than the New World. Fossil evidence reveals that Chamaerops was an important element of the European flora at least since the Eocene and further reinforces this region as being ancestral for the genus.
Changes in the Mediterranean region
To understand the biogeography of Chamaerops also necessitates examination of geological and climatic changes that have taken place in the West Mediterranean region during the past 30 Ma. The northern and the southern shores of this sea have remained separate or have been linked via land bridges, such as occurred during the Messinian salinity crisis (6.0-5.3 Ma) when water flow from the Atlantic Ocean was dramatically reduced (Duggen et al., 2003; García-Castellanos and Villaseñor, 2011) . Climate also changed from a paratropical environment in the Eocene to a Mediterranean-like climate in the Pliocene (Mai, 1989; Carrión, 2003; Thompson, 2005) . These inferences support the idea of a suitable environment in the West Mediterranean region for Chamaerops during the Oligocene-Miocene time.
We can infer that the influence of Quaternary glaciations led to a reduction of the area of distribution of Chamaerops in most areas of the northern shore of the Mediterranean. For the last glacial maximum, assessment of the degree of this reduction depends upon the atmospheric model chosen (Figures 5B and 5C ). The MIROC model ( Figure  5C ) seems less probable than the CCSM model, because the species distribution it generates for a much cooler period is too similar to that of the present. Interestingly, the species occurrence in Crete, which was predicted by the niche modelling analyses, has also been confirmed by historical records (Médail and Quézel, 1996) . Fluctuating glaciations in the Pleistocene brought winter snow to most of the northern territories (Carrión, 2003; Thompson, 2005) . It is during this period that the Mediterranean Basin served as a refugium for some genera such as Abies (Terrab et al., 2007) , among others.
Phylogeographic structure among populations
Chamaerops humilis population structure as shown by Bayesian inference, Neighbour-Net graph (supported by the bootstrap values), PCoAs, and AMOVAs reveals the existence of 4 groups of populations (Tables 2 and 3 ; Figures 1-3) .
Genetic diversity within populations helps clarify some of the relationships observed. The France-Italy group exhibits, globally, the lowest percentage of polymorphism and genetic diversity, but one of the highest values of rare fragments index calculated for the group as a whole (equal to the S Morocco group). The E Spain-Sardinia-NE Morocco group shows the highest level of polymorphism and genetic diversity, but the lowest value of rare fragments index (see Table 4 ), which, together with the NJ tree and the dating analysis, suggests this as a possible ancestral Figures 2 and 6 ). It is also interesting that separation among populations within each of the groups is small, as can be seen in the PCoA and in the AMOVAs (Table 3) . That result might be explained by long generation times, which dampen differentiation through slow turnover of populations. Individuals of Chamaerops humilis can survive for several centuries, as has been observed in European gardens during the past 400 years (del Cañizo, 2011) . According to the divergence values, one can determine the relative ages of the genetic groups of populations within Chamaerops humilis. Based on the bio-neighbour-joining tree (Figure 4) , calculated with the pairwise ρ ST(2) values, the E Spain-Sardinia-NE Morocco group of populations appears to be slightly older, as it is the group closest to the outgroup representative, Trachycarpus fortunei, a species currently restricted to China (del Cañizo, 2011).
Biogeography
Based on generic relationships, fossil evidence, geological and climatic changes in the Mediterranean region, and population genetic variation, a biogeographical scenario can be formulated to explain the present distribution of Chamaerops humilis. Additional factors also need to be taken into account, however, such as the biological dispersal potentials of C. humilis, the existing geographical barriers to dispersal in the region, and age estimates from the AFLP-based molecular clock.
Biological characteristics of Chamaerops humilis provide limits to its dispersal potentials. In this species, pollen can travel with the help of weevils or, less likely, by wind (Herrera, 1989; Düffay and Astett, 2004) , but very long distances are not usually traversed (Carrión, 2002) . Bird seed dispersal, as suggested by Terrab et al. (2008) for Juniperus thurifera in relation to the Corsican-Sardinian microplate, is not plausible for fruits of C. humilis, as the fruits are mammal-dispersed (Fedriani and Delibes, 2011; JL García-Castaño, unpubl. res.) . Seeds might occasionally be carried by the sea, although fresh seeds do not float well in normal seawater. Degraded fruit pulp with associated seeds could, however, due to air chambers, successfully traverse some distance (JL García-Castaño, unpubl. res.), but germination after such immersions has not yet been tested.
Humans, therefore, are the most likely overseas dispersers of Chamaerops humilis, and this during historical time (directly or indirectly, for example by goats; JL García-Castaño, unpubl. res.). Chamaerops humilis has been used traditionally for food (fruits, young flowers, young leaf petioles, and rhizome meristems), and for making brooms and handicrafts from its fibrous leaves, but it seems that there has been no large-scale commerce with seeds or trunks (see Gaius Plinius Secundus, Pliny the Elder, 1st century AD; del Cañizo, 2011), as has been considered for the more economically important Olea (Terral et al., 2004) . Commercial sales of C. humilis as a garden plant, however, have been increasing during the past century (cf. numerous web pages).
Some natural geographical barriers to dispersal of C. humilis also exist. Barriers isolating E Spain from the France-Italy populations reflect climatic or soil characteristics of the intervening zone, as the niche modelling analyses have shown. The border between populations in France-Italy and N Africa might also be maintained by the Mediterranean Sea. The Tunisian and Algerian populations were not studied, however, and some authors have found a similarity between S Italy and Tunisia populations in other species (see Ortiz et al., 2009) . Separation between the S Spain-N Morocco and S Morocco (var. argentea, at higher altitudes) populations might have been promoted by habitat differences (the bluish cast of the leaves is a not uncommon phenomenon in alpine plants to protect against excessive UV radiation; Körner, 2003) .
The estimation obtained with the AFLP-based molecular clock for divergences within C. humilis points to a relatively old time frame of 5.83-8.32 Ma, in the Miocene (Figure 4) . Because of problems associated with this type of dating analysis (Ehrich et al., 2009 ), these estimates must be regarded as tentative, but they do at least suggest an origin before the Pleistocene (2.59-0.01 Ma) and are congruent with the 6.20 Ma (95% CI: 2.34-10.57 Ma) for Chamaerops at its crown node as reported by Bacon et al. (2012) .
Taking all aspects into consideration, we integrate several biogeographic divergence events into a comprehensive scenario. The first event would have taken place in the Gulf of Lyon, separating the E Iberian and the Italian populations due to lack of intermixing as a consequence of long distance separating both regions. From these Italian populations, expansion would have occurred to Africa through the area that eventually became Sicily (connected to the Italian Peninsula and Africa in the Oligocene and in the Miocene) and Tunisia, and populations may have extended more or less continuously along or near the coast (Figure 6 ). Second, this expansion reached 2 final destinations, southward, to the High Atlas and beyond, and westward and northward, crossing finally to the former Iberian Peninsula via the land bridge that existed in the Messinian salinity crisis (6.0-5.3 Ma) in the current Strait of Gibraltar (Duggen et al., 2003; García-Castellanos and Villaseñor, 2011) . Populations might have also been able to cross the Strait of Gibraltar, aided by lower sea levels during the Pleistocene that would have produced small islands as stepping-stones. This recent connection has been hypothesised for other taxa, such as Hypochaeris (Ortiz et al., 2009 ), among others. These 2 expansionary lineages, i.e. S-Spain-N Morocco and S Morocco, would then have remained isolated for long periods of time due to a water barrier between them, which began to disappear at the Miocene-Pliocene boundary and which was covered by sediments during the Quaternary (Zouhri et al., 2001 ). This allowed secondary contact between population systems and genetic intermixing in the Mamora region (see Ortiz et al., 2009) . Third, another expansion of Chamaerops resulted in a peculiar distributional pattern at a more regional scale. Populations from E Spain, the Balearics, and Al Hoceima may have all appeared as a result of microplate migrations from the Oligocene onwards that gave rise to the large islands of the northern Mediterranean as well as land areas joined to the North African mainland (Magri et al., 2007) or, more recently, during the Messinian salinity crisis (Duggen et al., 2003; Meijer and Krijgsman, 2005; García-Castellanos and Villaseñor, 2011) . The last option seems to be more likely due to the high similarity of these populations.
Traces of a past expansion dating from the Tertiary have also been recorded in other Mediterranean species such as Erophaca baetica (Casimiro-Soriguer et al., 2010) , through a E-W vicariance or Quercus suber (Magri et al., 2007) , with a similar pattern to the one reported here. Effects of glaciations have also been documented for genera such as Abies (Terrab et al., 2007) or Juniperus (Terrab et al., 2008) .
It is also possible to consider other biogeographic explanations for the present distribution of C. humilis in the West Mediterranean. Populations might have moved in the Tertiary to Italy via West Mediterranean microplate migration, as some of them could have joined with the newly formed Italian Peninsula, with subsequent changes as outlined above (see Rosenbaum et al., 2002) . Another possibility during the Tertiary might be through a 'counterclockwise' route from E Spain to S Spain-N Morocco, and from here first to France-Italy and later to S Morocco. Of these 2 alternatives, the first alternative is plausible, as Table 1 for codes. Inset palaeomap modified and reproduced with the permission of Ron Blakey, Northern Arizona University.
formation of the Alps might have made access to the new Italian Peninsula difficult (Rosenbaum et al., 2002) . The second alternative, however, would require an overseas connection (Duggen et al., 2003; García-Castellanos and Villaseñor, 2011) , which we also regard as unlikely. The lack of fossils from N Africa does not help support any particular hypothesis. 4.5. Implications for taxonomy and conservation Conservation of Chamaerops humilis, a plant unusual within the Mediterranean landscape and an unusual palm worldwide, should be focused not only on the species itself (it is, for example, protected by regional environmental law as of 1997 in Andalusia, Spain), but more precisely on each of the 2 recognised varieties. Variety argentea is morphologically the most divergent group of populations (with a bluish or pruinose cast), but these are not particularly divergent genetically. One could also make a strong argument, however, for conservation of each of the 4 genetic groups of populations revealed in the present study. They are sufficiently genetically distinct to warrant priority of conserving at least some populations within each of these disparate geographic regions.
Summary
The present population structure found in Chamaerops humilis can be explained best by considering patterns of expansion to a more or less wide distribution and posterior vicariance in the West Mediterranean region. The current distribution of populations of this species seems to have been influenced by its ancient area in continental Europe, by plate tectonic movements over long periods of geological time, and by reduction and shifting of populations during the colder Quaternary.
1 Figure S1 . Chamaerops humilis individual in a typical Mediterranean Quercus L. forest from pop. 3 (Pruna, Spain).
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